Abstract: Physico-chemical characteristics and sorption activity of carbon, organosilica sorbents and their modi ed forms towards proteins, possessing speci c activity, and cholerae vibrio have been studied. It was found, that carbon materials modi ed by copper (II) e¬ectively extracts cholerae vibrio (100%) and may be recommended for disinfection of drinking water. Sorption capacity of organosilica sorbents and their modi ed by copper (II) forms towards pathogenic micro®ora (E.coli, St.aureus, Ps.aeruginosa) depending on the composition of the sorbents, concentration of the modi ed reagent, pH of medium have been evaluated. The rows of the increase of sorption of pathogenic microorganisms by synthetic sorbents in water-salt solutions were established: Al(III) < Zn(II) < Cu (II). It was shown that inhibiting e¬ect of modi ed synthetic organosilica and natural sorbents towards such pathogenic microorganisms as E-coli, St.aureus Ps.aeruginosa and fungus Bacillus pyocyaneus accordingly is equal 80{98%.
Introduction
The report of BBC agency to the fact that a cholera will be won by rag \plunges" the scienti¯c world. The American scientists in Bangladesh found the universal panacea from a cholera by¯ltering water through fabric applied for sewing of traditional clothes { sari y folded many times [1, 2] . As studies have shown, the clearing of water in such ¤ E-mail: dsshvetz@ispe.ldc.net; E-mail: dshvetz@ispe.kiev.ua; Fax: 380 (44) 452 9327 y On the opinion of Coordinator of Commission of World Organization Health Protection on the struggle with cholera Dr. Klar { Lize {Shaine the discovery of physicians is promising: \Cholera strikes poor inhabitants of planet, which have not access to pure water. Such simple method of water puri cation is way decreases on 50 % the hazard of disease. This index is much higher, than at use of modern nylon water¯lters. Not subjecting criticism both scienti¯c, and practical side of this discovery, and also signi¯cance of the mentioned results, we want to inform all specialists in this¯eld on results of the scienti¯c studies which have been carried out by the specialists of Institute for sorption and problems of endoecology of NAS of Ukraine and Institute virology of AMS of Ukraine during 1997{2002 years in this direction. These investigations are connected with development and creation of super selective materials for adsorption of especially dangerous pathogenic micro°ora,¯rst of all, of cholerae vibrio and other toxic substances from water, gaseous media and biological solutions.
The problems of clearing of objects of ecosystems (water, foodstu®s) from viruses, microorganisms and fungus pathogenic for the man are especially actual for today. It is conditioned by the degradation of ecological situation, rise of requirements to quality of foodstu®s and water in relation to pathogenic microorganisms, viruses and fungus [3, 4] . The occurrence them in foodstu® and water can be one of negative consequences of scienti¯c and technical progress, possible acts of terrorism or diversions and directed on making of epidemiological situations in any region of the world. In this connection on the foreground project beyond of looking for new perspective materials and technologies on their basis capable to raise the quality both drinking water and foodstu®s.
It is necessary also to allow for a possibility of variation of biophysical, virulent and other properties of pathogenic micro°ora during treating water, storage or transportation of foodstu®s [5] . The modern methods of treating of water and foodstu®s are insu±ciently e®ective because of high stability of viruses and bacteriums to action of physical and chemical factors (oxidation, chlorination, UV-irradiation, treating by electric or magnetic¯eld, treating by gases etc.) and selection of stable forms of pathogenic microorganisms [6] .
Among the perspective approaches for intensi¯cation of ways of disinfection of pathogenic micro°ora represents is the use of sorption materials capable of e®ectively inactivating pathogenic microorganisms because of the surface adsorption of cells owing to various intermolecular and ionic interactions with protein containing groups which are included in composition of bacterium [7] . The sorption materials of various nature (carbon, natural and synthetic), possessing of valuable sorption properties in relation to toxic substances of various type play the special role in this case [8] . At the same time the adsorption activity of such materials in relation to pathogenic micro°ora is studied insu±ciently [9] .
The aim of this work was the comparative study of e±ciency of adsorption clearing of ecosystem objects from pathogenic microorganisms with using of adsorbents of various nature: carbon, natural and synthetic.
Experimental
The synthesis of the modi¯cated forms by copper (II) of carbon fabric type \AUVM-Dnepr" and carbon felt has been published earlier [10, 11] . In order to obtain the modi¯ed a godsend for these peoples".
forms of two-component organosilica silico-polymethylsiloxanes (SG-PMS) with various ratio of hydrophilic and hydrophobic components 30:70wt%, 50:50wt% and 70:30wt% respectively prepared by the known technique [12] have been used. Silico-polymethylsiloxane 30:70wt% (Al) was obtained by the modi¯cation technique developed by us [13] in the process of hydrogel co-precipitation using aluminum (2wt% and 4wt%). Modi¯ed forms of silica gel (SG), natural mineral zeolite (klinoptilolite) and cellulose containing materials (MS-1, MS-2, MS-3) were obtained via method developed by ourselves for modi¯cation by Cu II of carbon fabric and carbon felt [11] .
Content of Cu II and Zn II ions in studied solutions before and after the adsorption were determined by atomic { absorption method using PU 9{800 spectrophotometer \Phillips". pH of solutions was measured with the help of universal ionomer EV { 74. Chromatographic method was employed to determine the speci¯c surface of sorbent using gas chromatographer \Tsvet". Adsorptive volume of the pores on benzene and water was measured by gravimetric method on sorption of their steams by adsorbents. pH of suspension and pH value at point zero charge of the surface (pH pzc ) were determined using the techniques described earlier [14] . The adsorption of alkali protein trypsin (SPOFA) by modi¯ed forms of carbon materials was studied in 0.06 M phosphate bu®er (pH 5.0) with concentration of trypsin 0.5 mg/ml at continuous shaking up during 60 minutes at temperature 22 0 C. The investigations of the adsorption ability of carbon materials and its modi¯ed forms towards cholerae vibrio were carried out in the sea water in the epidemiological region (1995) by the method of serial dilutions during the recommendations of World Health Protection Organization. The sorption activity of Cu II -and Zn II -containing organosilica towards pathogenic microorganisms was studied towards gramm-positive microorganism E.coli and grammnegative microorganisms St.aureus and Ps.aeruginosa in 0.15 M solution of sodium chloride by the standard technique of determining of microorganisms in nutrient medium approved by the World Health Protection Organization. The levels of sorption of the microorganisms at pH being 3.2 and 7.4 in solutions were calculated by the formula A,% = K { QnK ¢ 100, where K is the quantity of the microorganism colonies grown up in the control sowing; Q-quantity of microorganism colonies which grew up after the contact with the sorption material. Mistake of determination of the levels of adsorption obtained from 3 parallel tests did not exceed 10%.
3 Results and discussion
About mechanism of Antiseptic Action of Modi¯ed Carbon Materials
The sorption-structural characteristics of carbon materials and their modi¯ed by copper (II) forms are illustrated in Table 1 . It was found that the content of copper (II) in sorbents in quantity of 2{4 mg/g did not change essentially parameters of porous structure of carbon fabric and felt but changed its surface chemistry. About this testify to the decreasing of pH pzc of the surface of carbon materials at modi¯cation by copper (II) ions (Table 1) . The shape of the adsorption isotherm of trypsin on the carbon fabric in phosphate bu®er testify to the absence of saturating plateau and increase of adsorption with decreasing of ratio of solid and liquid phases (Fig.1) . The modi¯cation by copper (II) of carbon fabric lead to increase the adsorption of trypsin 2.0{2.5 times. By analogy with this the in°uence of the modi¯cation was shown at study of the sorptional activity of carbon materials towards cholerae vibrio (Table 2) . The in°uence of the nature of carbon materials is displayed at absence of microorganism on the carbon felt, that correlated with the low structure-sorptive characteristics its and more lower kinetic of the cholera vibrio extraction in compare with the carbon fabric. It was established that using the ratio of solid and liquid phase 1:50, time of the contact 5 minutes and contain of copper (II) in the sorptive material 2.3 mg/g was observed 100% extraction of cholerae vibrio from sea water solution. With increase of the cholerae vibrio content to 1 million microbe cells also was founded 100% extraction its from solutions by the modi¯ed carbon fabric.The modi¯cation of carbon materials by copper (II) don't only increase their bactericidal properties but may result in formation of copper (II) complexes with nitrogen-and oxygen groups of trypsin besides electrostatic interaction of carbon with polar molecules of proteins and the formation of H-bonds with hydroxyl and carboxyl carbon groups. Besides that, ions of copper (II) on the surface of carbon sorbents can interact with spiral proteins and neutralize charge of cell structures of microorganisms.
Modi¯ed Organosilica Adsorbents with Bactericidal Properties
Method of mathematical planning of an experiment [15, 16] (Table 3 ). These data demonstrate that with increase of the content of the hydrophobic component more than 50wt% the in°uence of adsorbent composition is insigni¯cant. Thus, three factors that have maximum e®ect on Cu II ion adsorption in waterammonia solutions were chosen as independent variable factors. Here, X 1 is a concentration of a modifying metal complex, mol/l; X 2 { solid/liquid phase ratio (S/L); X 3 { pH value of a solution of a modifying reagent. The experiments were randomized in time. Boundary levels of variable factors and a matrix of the mathematic planning of experiment are given in Table 4 . Using the experimental results only of 8 tests regression coe±cients at X 1 , X 2 and X 3 were calculated, signi¯cance of which is determined by the criterion of Student, the compliance of the regression equations (1,2,3,4) was assessed by Fisher criterion [16] . The regression equations of the adsorption of Cu II ammiacates (Equations 1,2) and ammia- The observed decrease of pH of solutions of ammiacates of metals after contact with sorbents (on 0.3 { 0.6 unit), nonlinear dependence of adsorption from ratio of the silanol and organic groups in composition of sorbents testi¯es to local speci¯c interaction of ammiacates of metals with surface hydroxyl groups. Accounting for amphoteric nature of the latter and the fact, that pH pzc of organosilica surface of various composition make up 4.5 { 6.5, it is possible to suspect that in alkaline solutions complex cations of Cu adsorption and structure characteristics were obtained and introduced in the Table 5 . It was shown, that the modi¯cation of organosilica by ions of metals does not change the parameters of their porous structure (speci¯c surface, sorption volume of pores). The observed tendency to increase of pH pzc of a surface at modi¯cation of sorpbents and decrease of adsorption volume of pores by water testi¯ed about changes of its surface chemistry of a surface, which one varies at the expense of a complexing of ions of copper with silanol groups on a surface of organosilica. Table 5 Adsorption and structural characteristics of organosilica and its modi ed forms
The studies of adsorption capacity of investigated sorbents and their modi¯ed forms in relation to pathogenic microorganisms of a various nature have shown, that organosilica itself are capable to inactivated of pathogenic microorganisms with a level of adsorption 40 { 60 % (Table 6 ). So, hydrophilic silanol groups (Si-OH) which one locally are posed and alternate with methylsilyl groups (Si-CH 3 ) on a surface of organosilica are active centers for formation of hydrogen bonds with nitrogen-and oxygen-containing groups which are included in composition of capsules of bacteriums. Thus among of organosilica of various composition most e®ective is the sorbent with ratio of hydrophilic and hydrophobic component 50:50 wt%. At magni¯cation of a content hydrophilic component Table 6 Adsorption capacity of silico-polimethylsiloxane and their metalcontaining forms towards pathogenic microorganisms in composition of adsorbent up to 70 wt% the surface hydroxyl groups can form a hydrogen bridge among themselves, moderating thus amount of active centers for interaction with adsorbates. At decrease of a content of hydrophilic component up to 30 wt%, and accordingly, increase hydrophobic component up to 70 wt% it is rather di±cult microorganisms approximate to a surface of adsorbent owing to in°uencing of the steric factors. It was shown that the modi¯cation by ions of Cu II and Zn II of organosilica results in the increase of their inhibiton capacity to microorganisms of a various nature (Table 6 and  Table 7 ). Thus the levels of adsorption for copper containing organosilica on the average on 30 % are more, than for zinc containing forms and make up 81 % { 98 % depending at pH of a medium and nature of bacteria. The additional adsorption of microorganisms takes place account to possible complexing of Cu II with nitrogen-containing groups of protein molecules which are included in composition of microorganisms, and also neutralization of charges last at contact to sorption materials [19, 20] . Received results at adsorption of microorganisms of di®erent nature on modi¯ed Cu II organosilica correlate with outcomes on adsorption of protein substances (albumine, trypsin) [14, 21] .
Comparative estimate of receiving data has allowed to propose following lines of increase of adsorption ability of two-component organosilica (SG-PMS) to pathogenic microorganisms in 0.15 M NaCl : 30:70 wt% < 70:30 < wt% 50:50 wt% and for their forms modi¯ed by ions of metals : (Al
The data listed in Table 7 indicate that the inhibiting e®ect on SG-PMS 50:50 wt% (level of adsorption 70% { 96 %) is become apparent already at small amounts of modi¯ed Cu II (1.0{4.8 mg/g), that is important at practical applying of bactericidal adsorbents.
The simplicity of the method of synthesis of organosilica with bactericidal properties, excludes which one use of complicate equipment, de¯cit chemical reagents for modi¯-cation will allow e®ectively to carry out purifying of aqueous, water-salt and biological mediums with the help of metalcontaining forms of silico-polymethylsiloxanes in ecology and medicine.
3.3 E±ciency of adsorption clearing of ecosystem objects from pathogenic icroorganisms and fungus with use of modi¯ed natural sorbents It is established, that the amount of pathogenic micro°ora choosen at clearing objects of environment and water modi¯ed and nonmodi¯ed zeolite is essentially decreased in time and reached minimum during 30{40 minutes. The total average date on e±ciency of clearing of water from pathogenic micro°ora (E.coli, St.aureus, Ps. aeruginosa), is introduced in the Table 8 , and from objects of environment on the basis of cellulose from fungus { in Table 9 and Fig.2 .
The obtained results of studies testi¯ed that the greatest degree of clearing of water and cellulose containing materials (more than 90 %) is achieved on zeolite, modi¯ed by copper(II). The content of pathogenic micro°ora, in case of use of nonmodi¯cated forms of zeolites, does not exceed 70{75 % and depends on the type of microorganisms. The symbatic character of in°uence of concentration of modifying ion and antibatic character of in°uence of ratio of solid-liquid phases on the degree of clearing were shown. In the case of clearing of water from pathogenic micro°ora by modi¯ed zeolite the de¯ning role can play processes of complexing with nitrogen-and oxygen-containing protein groups in composition of walls of cells and membranous structures of microorganisms, increasing their inactivation capacity in relation to bacteriums. In the case of clearing of cellulose materials the mechanism of inhibition of pathogenic micro°ora and fungus is not clear Table 9 The in®uence of modi cation of synthetic and natural adsorbents on structure and sorption characteristics yet. Despite of it, it is necessary to note one more singularity of process of clearing of cellulose materials from fungus Bacillus Pyoceanous, namely, the e±cacy of clearing increase at use of mixture of materials of di®erent nature ( mineral and vegetable origin).
One of possible explanations of this fact, in our opinion, can be de¯ning role of active centres of materials of vegetable type due to higher sorptional characteristics. It can be also explained by forming of additional complexes in the system vegetable adsorbent { fungus caused by more strong speci¯c bonds. Obtained date give the foundation to recommend the use of the modi¯ed forms of natural sorbents of di®erent origin for intensi¯cation of processes of clearing of water and foodstu®s in particular in conditions of risk factor (epidemics, acts of terrorism etc.), aroused by bacteriums, viruses and fungic infections. 
Summary
The correlation between the adsorption of carbon materials towards protein substances and cholerae vibrio in solutions and increase of bactericidal properties of carbon sorbents by way of the modi¯cation by copper (II) was found.
The inhibition e®ect (70{98 %) in relation to pathogenic micro°ora of copper-containing organosilica is more in comparison with zinc-containing sorbents and is observed even at content of the copper in composition of sorbents 1.0 mg/g.
The greatest inactivation capacity in relation to pathogenic micro°ora of the modi¯ed forms of natural sorbents developed in case of applying mixture of mineral and vegetable sorptive materials.
